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(57) ABSTRACT 

An exemplary semiconductor device comprises a through 
silicon via penetrating a semiconductor Substrate including a 
circuit pattern on one side of the Substrate, a first doped layer 
formed in the other side, and a bump connected with the 
through silicon Via. 
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1. 

SEMCONDUCTOR DEVICE AND METHOD 
FOR FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application is a divisional of U.S. patent appli 
cation Ser. No. 13/719,099, filed on Dec. 18, 2012, which 
claims priority to Korean Patent Application No. 10-2012 
0095894 filed on Aug. 30, 2012, which are incorporated by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a semiconductor 
device and a method for fabricating the same, and more 
particularly to a technology for preventing a short phenom 
enon between a bump and a silicon (Si) of a semiconductor 
Substrate during a through silicon via (TSV) process. 
A three-dimensional stacking technique has been devel 

oped as a packaging technique in order to enhance a packag 
ing density while reducing the size and improving perfor 
mance of semiconductor devices. A three-dimensional 
stacking package is made by stacking a plurality of chips 
having the same memory capacity, which is referred to herein 
as a stacked chip package. 
Mass production can lower the manufacturing cost of fab 

ricating stacked chip packages. Initial use of the stacked 
packaging technique used wiring outside of the chip areas to 
connect stacked chips. 

That is, chip layers in a conventional Stacked chip packages 
are connected through wires coupled between a bonding pad 
of each chip and a conductive circuit pattern of a substrate 
while a plurality of chips are attached to a chip adhesion 
region of the Substrate. As a result, a space for wire bonding 
is required, and a circuit pattern area of the Substrate con 
nected with the wire is also required so that the size of the 
semiconductor package is increased. 
To overcome these size constraints, a structure using a 

through silicon via has been developed. After a through sili 
con via is formed within each chip in a bar wafer step, vertical 
physical and electrical connection between chips is facilitated 
by the through silicon via. 

In a conventional process of forming a through silicon via, 
after a vertical hole is formed in a semiconductor substrate to 
obtain the through silicon Via, the through silicon via is 
exposed by back-grinding the rear Surface of the semiconduc 
tor substrate. 

After the semiconductor Substrate is separated into indi 
vidual chips by sawing, at least two or more chips are verti 
cally stacked over the semiconductor Substrate so that signals 
may be exchanged through a conductive metal of the through 
silicon Vias. The upper Surface of the semiconductor Substrate 
including the stacked chips is molded, and a shoulder ball is 
mounted on the lower surface of the semiconductor substrate, 
thereby completing the stacked package. 

However, when a bump and a metal line connected with the 
through silicon via are formed, a contact Surface between the 
bump and adjacent silicon may become misaligned, which 
results in a short. 

BRIEF SUMMARY OF THE INVENTION 

Various embodiments of the present invention are directed 
to forming an N/Pjunctionina semiconductor Substrate to get 
a reverse bias in order to prevent a short between a bump and 
silicon of the semiconductor Substrate during a process for 
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2 
forming a bump. According to one aspect of an exemplary 
embodiment of the present invention, a semiconductor device 
comprises: a semiconductor Substrate having a first conduc 
tivity; a plurality of metal lines disposed on a first side of the 
semiconductor Substrate; a through silicon via penetrating the 
semiconductor Substrate; a first doped layer disposed into a 
second side of the semiconductor Substrate has a second 
conductivity by an ion-implanted; and a bump disposed on 
the second side of the semiconductor Substrate and coupled to 
the through silicon via. The first doped layer includes a dif 
ferent type and concentration of impurities from the semicon 
ductor substrate. The substrate includes P-type impurities and 
the first doped layer includes N-type impurities. A positive (+) 
back bias voltage (VBB) is applied to the semiconductor 
substrate. A width of the bump is larger than a width of the 
through silicon via. The semiconductor device may further 
include a second doped layer disposed on the first doped layer 
and having the first conductivity. 
The substrate and the second doped layer include P-type 

impurities and the first doped layer includes N-type impuri 
ties. A negative (-) back bias voltage (VBB) is applied to the 
semiconductor substrate. The bump is formed on the second 
doped layer. The semiconductor device may further include 
an insulating film formed on the second doped layer. 

According to another aspect of an exemplary embodiment 
of the present invention, a method for fabricating a semicon 
ductor device comprises: forming a through silicon via in a 
semiconductor Substrate doped with impurities of a first type; 
implanting impurities of a second type into an outer Surface of 
the semiconductor Substrate disposed around of the through 
silicon via to form a first doped layer; and forming a bump on 
the through silicon Via. 
The method first type impurities are P type and the second 

type of impurities are N type. The bump is coupled to the first 
layer. The method may further include implanting impurities 
of the first type into an outer surface of the first doped layer to 
form a second doped layer. 
The method may further include forming a second doped 

layer implanted with impurities of the first type on an outer 
portion of the first doped layer. The method may further 
include attaching a second doped layer implanted with impu 
rities of the first type to the outer portion of the first doped 
layer. 
The method may further include patterning an insulating 

film on the second doped layer to expose the through silicon 
via. The method impurities of the second type are N type, and 
the impurities of the first type impurities are P type. 
The method may further include forming an insulating film 

on the first doped layer to expose the through silicon Via. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of the 
subject matter of the present disclosure will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

FIG.1 illustrates across-sectional view of a semiconductor 
device according to an embodiment of the present invention; 

FIGS. 2a to 2k illustrate cross-sectional views of a method 
for fabricating the semiconductor device of FIG. 1; 

FIG.3 illustrates across-sectional view of a semiconductor 
device according to an embodiment of the present invention; 
and 

FIGS. 4a to 4e illustrate cross-sectional view of a method 
for fabricating the semiconductor device of FIG. 3. 

DESCRIPTION OF EMBODIMENTS 

Embodiments are described herein with reference to cross 
sectional illustrations that are schematic illustrations of 
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exemplary embodiments (and intermediate structures). As 
Such, variations from the shapes of the illustrations as a result, 
for example, of manufacturing techniques and/or tolerances, 
are to be expected. Thus, exemplary embodiments of the 
present invention should not be construed as being limited to 
the particular shapes of regions illustrated herein, but may 
include deviations in shapes that result, for example, from 
manufacturing. In the drawings, lengths and sizes of layers 
and regions may be exaggerated for clarity. Like reference 
numerals in the drawings denote like elements. In the follow 
ing specification and claims, the term “on” does not neces 
sarily imply a particular orientation Such as which side is “up' 
and which side is “down.” When an element is described as 
being “on” another element, it is possible that other interven 
ing layers, Substances, or structures may be disposed between 
the elements. 

FIG.1 illustrates across-sectional view of a semiconductor 
device according to an embodiment of the present invention. 

Referring to FIG. 1, the semiconductor device comprises a 
P-type semiconductor substrate 101 including oxide films 
105 formed over sidewalls of a through silicon via 109 in 
order to prevent CU migration. An N-type ion-implanting 
region 113 is formed over the P-type semiconductor substrate 
101. An insulating film 117 is formed over the N-type ion 
implanting region 113. A bump 119 is disposed between the 
insulating films 117 and connected with the through silicon 
via 109. A ball 121 for electrical connection is formed over 
the bump 119. In the semiconductor device of FIG. 1, an 
interlayer insulating film 111 including semiconductor metal 
lines M1 and M2 is formed below the semiconductor sub 
Strate 101. 
As shown in FIG. 1, when the bump 119 is misaligned so 

that it is connected with the N-type ion-implanting region 113 
(as shown by “A” of FIG. 1), the interface between the P-type 
semiconductor substrate 101 and the N-type ion-implanting 
region 113 is a PN junction so that current flows from the 
P-type semiconductor substrate 101 to the N-type ion-im 
planting region 113. Because current does not flow from the 
N-type ion-implanting region 113 to the P-type semiconduc 
tor substrate 101, a short between the bump 119 and the 
semiconductor substrate 101 can be prevented. 
The above bias operation of the PN junction will now be 

described in more detail. 
A PN junction exists when a region implanted with P-type 

ions having a high concentration of holes to have a first 
conductivity is connected with a region implanted with 
N-type ions having a high concentration of carriers to have a 
second conductivity. When a positive (+) Voltage is applied to 
the P-type ion-implanting region and a negative (-) voltage is 
applied to the N-type ion-implanting region, a forward direc 
tion bias is applied, which results in a diffusion phenomenon. 
The holes of the P-type ion-implanting region move to the 
N-type ion-implanting region, and the carriers of the N-type 
ion-implanting region move to the P-type ion-implanting 
region. As a result, since the size of the depletion Zone is 
reduced, current flows from the P-type ion-implanting region 
to the N-type ion-implanting region in a direction opposite to 
the movement of carriers. 

In the semiconductor device of FIG. 1, since the N-type 
ion-implanting region 113 is formed over the P-type semi 
conductor substrate 101, current flows from the P-type semi 
conductor Substrate 101 to the N-type ion-implanting region 
113 when a positive (+) back bias voltage (VBB) is applied to 
the semiconductor substrate 101. 

Thus, when the bump 119 is misaligned so that it is con 
nected with the N-type ion-implanting region 113, current 
does not flow from the N-type ion-implanting region 113 to 
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4 
the P-type semiconductor substrate 101. As a result, a leakage 
current from the bump 119 does not flow through the N-type 
ion-implanting region 113 to the semiconductor Substrate 
101, thereby preventing the short between the bump 119 and 
the semiconductor substrate 101. 

FIGS. 2a to 2k illustrate cross-sectional views of a method 
for fabricating the semiconductor device of FIG. 1. 

Referring to FIG. 2a, the semiconductor substrate 101 
including a transistor (not shown) is etched to form a vertical 
hole 103. 

Referring to FIG. 2b, an oxide film 105 having a given 
thickness is formed over the semiconductor substrate 101 
along a step difference in the vertical hole 103. In other words, 
oxide film 105 is formed over the bottom and sidewalls of 
hole 103, as well as the upper surface of substrate 100. 

Referring to FIG. 2c, the oxide film 105 is planarized to 
expose the upper portion of the semiconductor substrate 101 
while leaving portions of oxide film 105 disposed on the 
bottom and sidewalls of the vertical hole 103. The planarizing 
process may be performed by a chemical mechanical polish 
ing (CMP) process or an etching process. 

Referring to FIG. 2d. a metal seed (not shown) is formed in 
the vertical hole 103, and a conductive material 107 is formed 
in the vertical hole 103 and over upper surfaces of the semi 
conductor substrate 101 using the metal seed. The metal seed 
may include copper (Cu), and the forming of the metal seed 
may be performed by a sputtering method. The forming of the 
conductive material 107 may be performed by an electroplat 
ing method. 

Referring to FIG. 2e, the conductive material 107 is pla 
narized so that only conductive material 107 disposed in the 
vertical hole 103 remains, thereby obtaining a through silicon 
via 109. An annealing process may be performed on the 
through silicon via 109 at a temperature of about 100° C. to 
improve a characteristic of the through silicon via 109. 

Referring to FIG. 2f the interlayer insulating film 111 is 
formed over the semiconductor substrate 101 including the 
through silicon via 109, and a photoresist film (not shown) is 
formed over the interlayer insulating film 111. An exposing 
and developing process is performed with a metal line mask 
to form a photoresist pattern (not shown). The interlayer 
insulating film 111 may include an oxidized material. The 
interlayer insulating film 111 is etched with the photoresist 
pattern as an etching mask, and a metal material is buried to 
form metal lines M1 and M2 connected with the through 
silicon via 109. The metal lines M1 and M2 can be connected 
with the bump through TSV 109 so that the chip can be 
connected to another separate chip in a stacked chip package. 
The interlayer insulating film 111 is planarized to expose 

the upper portion of the metal line M2. 
Referring to FIG.2g, the exposed surface of the semicon 

ductor substrate 101 is etched to expose an upper portion of 
the through silicon via 109. For the grinding of the exposed 
surface of the semiconductor substrate 101, a carrier substrate 
(not shown) connected with the metal line M2 of the semi 
conductor substrate 101 may be attached. The carrier sub 
strate is used to locate an Support the semiconductor Substrate 
during the grinding process. 

FIGS. 2h to 2k show an inverted orientation where the 
exposed surface of semiconductor substrate 101 faces 
upwards. 

Referring to FIG. 2h, the N-type ion-implanting regions 
113 are formed in an upper layer of semiconductor substrate 
101 on both sides of the through silicon via 109. Although the 
term “upper is used here to describe an orientation with 
respect to FIG. 2h, the chip may be inverted in a final assem 
bly so that balls 121 are disposed on a “lower surface of a 
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semiconductor. Thus, in the following specification and 
claims, an exposed or outermost Surface of an embodiment 
may be referred to as an “outer surface. 
The N-type ion-implanting region 113 can be formed by 

implanting N-type impurities into the exposed rear Surface of 5 
the semiconductor substrate 101 of FIG.2g, or by stacking or 
attaching an N-type ion-implanting layer implanted with 
N-type impurities onto the exposed surface of the semicon 
ductor substrate 101. 

Referring to FIG.2i, an insulating material 115 is formed 
over the N-type ion-implanting region 113 and the through 
silicon via 109. The insulating material 115 may include an 
oxide film or a nitride film. More specifically, the insulating 
material 115 may include one selected from a high density 
plasma (HDP) oxide film, a boron phosphorus silicate glass 
(BPSG) film, a phosphorus silicate glass (PSG) film, a boron 
silicate glass (BSG) film, a tetra ethyl ortho silicate (TEOS) 
film, an un-doped silicon glass (USG) film, a fluorinate sili 
cate glass (FSG) film, a carbon doped oxide (CDO) film, a 
spin on glass (SOG) film, a spin on dielectric (SOD) film, a 
plasma enhanced tetra ethyl ortho silicate (PE-TEOS) film, a 
silicon rich oxide (SROX) film, and an organo silicate glass 
(OSG) film, or insulating material 115 may include a stacking 
film having two or more layers thereof. 

Referring to FIG. 2i, a photoresist pattern is formed over 
the insulating material 115, and the insulating material 115 
disposed over the through silicon via 109 is etched to expose 
the through silicon via 109 with the photoresist pattern as a 
mask, thereby obtaining an insulating film 117 pattern. 

Referring to FIG.2k, a conductive material is stacked over 
the exposed through silicon via 109 and patterned to form the 
bump 119. A ball 121 is formed over the bump 119. The bump 
119 is patterned to be connected with the through silicon via 
109, and may include a shoulder portion formed over the 
insulating film 117. The through silicon via 109, the bump 
119 and the ball, 121 may be electrically coupled to form an 
electrical path. 
As mentioned above, in the semiconductor device of FIG. 

1, the N-type ion-implanting region 113 is formed over the 
semiconductor substrate 101 so that the interface between 
N-type ion-implanting region 113 and the P-type semicon 
ductor substrate 101 is a PN junction. 
As a result, when the bump 119 is connected with the 

semiconductor Substrate 101 by misalignment, a reverse bias 
applied to P-type substrate 101 prevents current from flowing 
from the N-type ion-implanting region 113 to the P-type 
semiconductor substrate 101, thereby preventing an electric 
short phenomenon between the bump 119 and the semicon 
ductor substrate 101. 

In an embodiment in which the through silicon via 109 
includes copper (Cu), copper ions of the through silicon via 
109 can be prevented from migrating to the semiconductor 
substrate 101 through the misaligned bump 119. 
The semiconductor device of FIG. 1 can be used in an 

embodiment in which a positive (+) back bias voltage (VBB) 
is applied to the semiconductor substrate 101. However, 
because current may flow from the N-type ion-implanting 
region 113 to the P-type semiconductor substrate 101 when a 
negative (-) back bias voltage (VBB) is applied to the semi 
conductor substrate 101, a short may occur between the bump 
119 and the semiconductor substrate 101. 

Thus, in the embodiment shown in FIG. 3, a P-type ion 
implanting region 114 may be additionally formed over the 
N-type ion-implanting region 113 of the semiconductor 
device of FIG. 1. 

That is, in an embodiment, the N-type ion-implanting 
region 113 and the P-type ion-implanting region 114 are 
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6 
sequentially formed over the P-type semiconductor substrate 
101 which includes the through silicon via 109, thereby form 
ing a PNP type diode. 

Referring to FIG.3, even when the bump 119 is misaligned 
to be connected with the P-type ion-implanting region 114 (as 
shown by “B” of FIG. 3), a current does not flow from the 
P-type ion-implanting region 114 to the N-type ion-implant 
ing region 113 when a negative (-) back bias voltage (VBB) 
is applied to the semiconductor substrate 101, thereby pre 
venting the leakage current from flowing from the bump 119 
to the semiconductor substrate 101. 

However, if a reverse voltage reaches a threshold level in 
the PNP diode structure, more flowing of the current cannot 
be prevented so that a reverse current comes to flow. The 
threshold level of the reverse voltage may be referred to as the 
breakdown Voltage. Such breakdown Voltage is generally 
-4V, but a negative back bias voltage (VBB) voltage gener 
ally applied to the semiconductor substrate is -0.8V. so that 
the PNP diode does not fail due to a voltage exceeding the 
breakdown Voltage. 

FIGS. 4a to 4e illustrate cross-sectional views of the semi 
conductor device of FIG. 3. 

In an embodiment, the N-type ion-implanting region 113 
may beformed as discussed above with respect to FIGS.2a to 
2h. 

In an embodiment, after the N-type ion-implanting region 
113 is formed as shown in FIG. 4a, the P-type ion-implanting 
region 114 is formed over the N-type ion-implanting region 
113 as shown in FIG. 4b. 
The P-type ion-implanting region 114 may be formed by 

implanting P-type impurities into the upper portion of the 
N-type ion-implanting region 113, or by stacking or attaching 
a P-type ion-implanting layer implanted with P-type impuri 
ties onto the upper portion of the N-type ion-implanting 
region 113. Persons of skill in the art will recognize that 
various methods are available for forming the PNP structure 
of layers 114, 113, and 101, and such methods may be 
employed in various embodiments. 

Referring to FIG. 4b, the N-type ion-implanting region 113 
and the P-type ion-implanting region 114 are sequentially 
stacked over the semiconductor substrate 101 and disposed 
on both sides of the through silicon via 109. 

Referring to FIG. 4c, an insulating material 115 is formed 
over the through silicon via 109 and the P-type ion-implant 
ing region 114. As shown in FIG. 4d, the insulating material 
115 is etched with a photoresist pattern (not shown) as a mask 
to expose the upper portion of the through silicon via 109. 

Referring to FIG. 4e, after a conductive material is formed 
over the exposed through silicon via 109, the bump 119 is 
formed, for example by a masking and etching process, and 
the ball 121 is formed over the bump 119. The bump 119 is 
patterned to be connected with the through silicon via 109 and 
may include shoulder portions extending over one or more 
sides of the upper portion of the insulating film 117. The 
through silicon via 109, the bump 119 and the ball 121 may be 
electrically connected to one another to form an electrical 
path. 

In the semiconductor device of FIG.3, the upper portion of 
the N-type ion-implanting region 113, layers 101, 113, and 
114 form a PNP diode adjacent to through silicon via 109. As 
a result, even when a negative (-) back bias voltage (VBB) is 
applied to substrate 101 which is doped with P-type ions, 
leakage current is prevented from flowing from the bump 119 
to the semiconductor substrate 101. 

Because the semiconductor device of FIG. 3 has a PNP 
diode type, phenomenon short between the bump 119 and the 
semiconductor substrate 101 can be prevented regardless of 



US 9,275,897 B2 
7 

the polarity of the back bias voltage (VBB) applied to the 
semiconductor substrate 101. Thus, the upper portion of an 
embodiment can be formed with a PNP diode type. 

In an embodiment, since the short between a misaligned 
bump 119 and the semiconductor substrate 101 can be pre 
vented, the size of the bump 119 can be increased to improve 
a connection margin with the ball 121. In an embodiment, the 
size of the opening in insulating film 117 in which the bump 
119 is formed may be wider than the through silicon via 109 
to enhance the connection margin. 

The semiconductor device of FIG. 1 may be used when a 
positive (+) back bias voltage (VBB) is applied to the semi 
conductor substrate 101, and the semiconductor device of 
FIG.3 may be used when the negative (-) back bias voltage 
(VBB) is applied to the semiconductor substrate 101. That is, 
a semiconductor device can be manufactured to have a PN 
junction or a PNP diode type depending on the bias and level 
ofa VBB voltage applied to the semiconductor substrate 101. 

In embodiments of the present invention, the semiconduc 
tor substrate is etched to form the vertical hole, the through 
silicon via is formed, the metal line formed, and the bump is 
formed over the rear surface of the semiconductor substrate 
including the through silicon via. However, embodiments for 
forming the through silicon via are not limited in the 
examples shown in FIGS. 2a to 4e. The through silicon via 
(TSV) may include a via last TSV scheme, a via middle TSV 
scheme, etc. In embodiments of the present invention, after 
one or more of various types of through silicon via are 
formed, an ion-implanting process is performed with N-type 
or P-type impurities. 

In a Subsequent process (not shown), the semiconductor 
substrate may be cut along a scribe lane to individualize 
semiconductor chips, and the individualized semiconductor 
chips are stacked and electrically connected through the 
through silicon Vias, thereby forming a stacked chip package. 
As described above, embodiments of the present invention 

may provide one or more of the following benefits. 
First, when a misalignment occurs during the process for 

forming a bump, the PN junction is formed in the semicon 
ductor to prevent a short between the bump and the silicon of 
the semiconductor Substrate. 

Second, embodiments of the present invention may prevent 
copper ions in the silicon via from migrating to the semicon 
ductor Substrate, thereby improving the semiconductoryield. 

Third, since the size of a bump for connecting a ball can be 
increased because the size of a corresponding opening in an 
insulating layer where a bump is formed can be enlarged 
without creating a short, the present invention can improve a 
connection margin between the ball and the bump. 
The above embodiments of the present invention are illus 

trative and not limitative. Various alternatives and equivalents 
are possible. The invention is not limited by the embodiments 
described herein. Nor is the invention limited to any specific 
type of semiconductor device. Other additions, Subtractions, 
or modifications are obvious in view of the present disclosure 
and are intended to fall within the scope of the appended 
claims. 
What is claimed is: 
1. A method for fabricating a semiconductor device, the 

method comprising: 
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forming a through silicon via in a semiconductor Substrate 

doped with impurities of a first type: 
implanting impurities of a second type into an upper layer 

of the semiconductor Substrate disposed around upper 
sidewalls of the through silicon via to form a first doped 
layer; 

forming a second doped layer with impurities of the first 
type on an outer portion of the first doped layer, 

forming an insulation film that covers the first doped layer 
and the through silicon Via; 

patterning a portion of the insulation film to expose the 
through silicon via; and 

forming a bump on the through silicon Via, wherein the 
through silicon via is separated from the insulation film. 

2. The method according to claim 1, wherein the first type 
impurities are P type and the second type of impurities are N 
type. 

3. The method according to claim 1, wherein the bump is 
coupled to the first doped layer. 

4. The method according to claim 1, whereinforming the 
second doped layer includes: 

implanting impurities of the first type into an outer Surface 
of the first doped layer to form the second doped layer. 

5. The method according to claim 4, wherein the impurities 
of the second type are N type, and the impurities of the first 
type are P type. 

6. The method of claim 1, wherein the upper layer is dis 
posed at the same level as a top surface of the through silicon 
W18. 

7. The method of claim 1, further comprising: 
wherein the bump is formed over the insulation film, and 

the second doped layer is insulated from the through 
silicon via by the insulation film. 

8. The method of claim 1, further comprising: 
forming a plurality of metal lines over a first end of the 

through silicon via opposite to the bump. 
9. A method for fabricating a semiconductor device, the 

method comprising: 
forming a through silicon via in a semiconductor Substrate 

doped with impurities of a first type: 
forming a plurality of metal lines over a first end of the 

through silicon via opposite to the bump; 
implanting impurities of a second type into an upper layer 

of the semiconductor Substrate disposed around upper 
sidewalls of the through silicon via to form a first doped 
layer; 

forming an insulation film that covers the first doped layer 
and the through silicon Via; 

patterning a portion of the insulation film to expose the 
through silicon via; and 

forming a bump on the through silicon via, 
wherein the through silicon via is separated from the insu 

lation film. 
10. The method of claim 9, 
wherein the bump is formed over the insulation film, and 

the first doped layer is insulated from the through silicon 
via by the insulation film. 
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